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Abstract
In conventional supergravity theories, supersymmetry is broken by a non-zero F -term,
and the cosmological constant is fine tuned to zero by a constant in the superpotential
W . We discuss a class of supergravity theories with vanishing F -terms but 〈W 〉 6= 0
being generated dynamically. The cosmological constant is assumed to be cancelled by
a non-zero D-term. In this scenario the gravity-mediated soft masses depend only on a
single parameter, the gravitino mass. They are automatically universal, independently
of the Ka¨hler metric, and real. Thus, dangerous flavor or CP violating interactions are
suppressed. Unlike in conventional supergravity models, the Polonyi problem does not
arise.
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1 Introduction
One of the major challenges in supersymmetric models for particle physics is the understanding
of the breaking of supersymmetry. Supergravity theories offer one of the simplest scenarios [1].
Supersymmetry is broken by an F -term of a hidden superfield, and gravity plays the role of
transmitting the supersymmetry breaking to the ordinary quarks and leptons. Nevertheless, the
induced soft breaking masses are not generically universal [2] nor real [3], leading to dangerous
flavor and CP violating interactions.
Here we will consider a different scenario of supergravity breaking. The F -terms of the
hidden sector superfields will be zero, but not their superpotential. This will be generated
dynamically at a low-energy scale. By setting the cosmological constant to zero (with a non-
zero D-term), the induced superpotential will parametrize the breaking of supersymmetry. Like
in conventional supergravity models, gravity will mediate the breaking of supersymmetry to
the ordinary quarks and leptons. Nevertheless, in our scenario the scalar masses turn to be
automatically universal, independently of the Ka¨hler metric. The origin of universality is a
consequence of the super-Weyl-Ka¨hler symmetry of supergravity. We find that the trilinears
and gaugino masses are zero at tree-level. Nevertheless, gaugino masses are generated at the
one-loop level if heavy states are present in the theory. This is the case of grand unify theories
(GUTs) where the large number of heavy states can induce sizeable gaugino masses. We will
show that our scenario do not suffer from the supersymmetric CP problem, since no extra
CP-violating phases are generated.
2 Dynamical Supersymmetry Breaking with 〈F 〉 = 0 and
〈W 〉 6= 0
In supergravity theories the scalar potential is given by [4]
V = Ki¯F
iF †¯ − 3eK/M2P |W |
2
M2P
+
1
2
DaDa , (1)
where K is the Ka¨hler potential, Ki¯ is the Ka¨hler metric, W is the superpotential,
F †¯ = −eK/2M2PKi¯
(
∂iW + ∂iK
W
M2P
)
, (2)
are the generalized F -terms of the chiral superfields and Da are the gauge D-terms of the
vector superfields. We will consider models in which 〈Fi〉 = 0 but 〈W 〉 6= 0 ≪ M3P . The
negative contribution to the cosmological constant coming from the second term of eq. (1) will
be assumed to be cancelled out by a non-zero D-term. We will not specify how such a D-term is
generated. We will rather take this fine tuning as an assumption. We will assume that the light
states are neutral under this D-term, and therefore that this D-term does not play any role in
the breaking of supersymmetry in the ordinary fields. In these models, it will be the non-zero
gravitino mass m3/2 = 〈eK/2M2PW 〉/M2P the source of low-energy supersymmetry breaking.
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A general (sufficient) condition for generating 〈W 〉 6= 0 and vanishing F -terms can be
easily formulated in supergravity theories: Any model of global supersymmetry with chiral
superfield(s) X that has a minimum that satisfies
(a) 〈X〉 = Xglobal ≪ MP and non-zero 〈W (Xglobal)〉 ≪M3P ,
(b) preserves global supersymmetry, 〈∂XW 〉 = 0, and
(c) do not have chiral superfields with masses smaller than 〈W 〉/M2P ,
will have, in the locally supersymmetric extension, a local minimum at some 〈X〉 = Xgrav with
vanishing generalized F -terms and 〈W (Xgrav)〉 6= 0.
The proof goes as follows. Due to (a) and (c) the gravity corrections to the global supersym-
metric masses and VEVs are small. Therefore, these corrections cannot create a massless state,
the would-be Goldstino, and supergravity cannot be broken, i.e., the F -terms must vanish.
Examples of dynamically generated superpotentials that do not break supersymmetry in the
flat limit can be readily constructed. Models of this type are any strongly coupled SU(N) theory
with a number of flavors less than N that are massive [5]. The simplest is SU(2) with one flavour
(two doublets) ψ, ψ¯. This theory has an unique D-flat direction that can be parametrized by
a single holomorphic invariant (“meson”) X2 = ψ¯ψ. Far along the flat direction, the SU(2) is
completely broken and the only low-energy (super)field is the massless X . By adding a mass
term in the superpotential
W = mX2 , (3)
one can lift all the points of the vacuum but the origin (X = 0) in which the gauge symmetry
is unbroken. Instantons, however, generate a superpotential which pushes X away from the
origin [6]:
W = mX2 + Λ5/X2 , (4)
where Λ is the strong scale of the SU(2). This stabilizes X at
〈X2〉 =
√
Λ
m
Λ2 , (5)
and generates a non-zero vacuum expectation value (VEV) for the superpotential
〈W 〉 = 2
√
ΛmΛ2 , (6)
without breaking supersymmetry. For m ≪ Λ, X can be treated as a canonically normalized
superfield with mass 4m. Therefore, there are not massless states in the theory, and the
conditions (a), (b) and (c) hold. It can be verified by explicit minimization that 〈FX〉 is
also zero in the supergravity case, in agreement with the general argument given above. By
continuity this is also true for m >∼ Λ.
Another examples can be found in superpotentials generated from a quantum modified
moduli space [5], e.g. [7]:
W = λX3 + Λ2X , (7)
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where Λ is the meson condensate of a strong SU(N) with a number of flavors equal to N. Also
in these models we have vanishing F -terms and 〈W 〉 6= 0≪ M3P .
3 Soft Supersymmetry Breaking Terms
3.1 Gravity-induced soft terms
In supergravity theories the scalar soft masses are given by (for canonically normalized fields)
[2]
m2i¯ = −2m23/2δi¯ +
〈F l〉〈F †k¯〉
M2P
[
Klk¯δi¯ −Rlk¯i¯
]
, (8)
where Rlk¯i¯ is the curvature in the Ka¨hler manifold. The last term in eq. (8) is responsible
for the breaking of universality and inducing flavor violating interactions in the squark sector.
One popular way to retain universality is to assume that the Ka¨hler manifold is flat (minimal
supergravity) [1]. Nevertheless, there is a priori no reason, based on symmetry principles,
to expect that (from string theories one learns that universality can only arise under certain
conditions [8]).
In theories with vanishing 〈Fi〉, universality is automatic since the last term of eq. (8) is
zero. In these theories, we obtain
m2i¯ = −2m23/2δi¯ . (9)
The origin of universality can be understood as a consequence of the super-Weyl-Ka¨hler sym-
metry
W → e−F/M2PW ,
K → K + F + F † , (10)
where F is an arbitrary holomorphic function of chiral superfields. To see that, let us write
the effective supergravity Lagrangian in a flat gravitational background, using the superfield
formalism [9, 10, 11]:
L = −3M2P
∫
d4θϕϕ†e−K/3M
2
P +
(∫
d2θϕ3W + h.c.
)
, (11)
where ϕ is the compensator superfield; this is an auxiliary (non-dynamical) chiral superfield
introduced in the theory to make the super-Weyl-Ka¨hler symmetry manifest. For this purpose,
ϕ should transform as
ϕ→ eF/3M2Pϕ , (12)
under the super-Weyl-Ka¨hler transformation. The compensator superfield can be eliminated
by its equation of motion that gives [11]
ϕ = eK/6M
2
P
[
1 + θ2
(
eK/2M
2
P
W †
M2P
+
∂iK F
i
3M2P
)]
. (13)
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For 〈W 〉 6= 0, ϕ breaks supersymmetry. The super-Weyl-Ka¨hler symmetry guarantee that ϕ
couples universally to matter and therefore that the scalar fields receive universal soft masses.
The result of eq. (9) can be easily obtained by inserting eqs. (2) and (13) in eq. (11).
Trilinears and bilinears soft terms can be also obtained by the same procedure. One obtains
Aijk = 0 , (14)
Bij = −m3/2Mij , (15)
where Mij are the bilinear couplings in the superpotential. Since the trilinears vanish, there
are not left-right flavor-violating interactions1. Gaugino masses turn to be zero at tree level
in these theories. This is because the super-Weyl-Ka¨hler symmetry does not allowed for a
coupling between ϕ and the vector superfield which transforms as a singlet under this symmetry.
Nevertheless, as we will see in the next section, gaugino masses can arise at the one-loop level.
Let us finally comment on the supersymmetric mass of the Higgs,
∫
d2θµHuHd. If this
term is not allowed in the superpotential (by an R-symmetry), but it is present in the Ka¨hler,
λHuHd ∈ K, the first term of eq. (11) will generate the coupling∫
d4θϕϕ†(λHuHd + h.c.) . (16)
After supersymmetry breaking, we obtain by replacing eq. (13) in eq. (16)∫
d2θ µHuHd , (17)
where µ = λm3/2 is of the right order of magnitude. This is just the mechanism of Ref. [13].
Eq. (16) also generates a bilinear soft term for the Higgs, Bµ = −λm23/2.
3.2 Low-energy soft masses
Although the gaugino masses are zero at MP , they can be generated at the one-loop level if
there are heavy chiral superfields in the theory [14]. Each heavy superfield gives a contribution
to the gaugino masses at the one-loop level:
mλa = −
αa
4pi
∑
R
Sa(R)m3/2 , (18)
where Sa(R) is the Dynkin index of a heavy superfield in the R representation of the gauge
group Ga (Sa = 1/2 for the fundamental representation). In GUTs the one-loop contribution
of eq. (18) can be quite large due to the large number of heavy fields. One can expect mλa ∼
m3/2. In GUTs there are also contributions from the heavy vector multiplets [14]. These
contributions do not respect the GUT symmetry, and therefore provide deviations from gaugino
mass unification.
1 It is interesting to mention that these interactions are usually present even in theories with non-Abelian
flavor symmetries and can lead to large dipole moment transitions [12].
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In the superfield formalism of eq. (11), the gaugino masses of eq. (18) can be understood as
arising from the heavy-field contribution to the super-Weyl-Ka¨hler anomaly [10]:
∑
R Sa(R)
32pi2
∫
d2θ lnϕWaWa , (19)
where Wa is the superfield strength of the gauge vectors. Inserting eq. (13) in the above
equation, we recover eq. (18). Eq. (18) holds at the scale at which the heavy fields are integrated
out; to obtain the values of the gaugino masses at a low-energy scale, one still has to evolve
them down using the RGE of the supersymmetric standard model.
The scalar soft masses also receive radiative corrections from the low-energy spectrum. The
degeneracy of the first and second family squarks will not be altered if their Yukawa couplings
remain small belowMP . In theories with no extra U(1), the scalar masses at the weak scale will
be given by (neglecting the contribution coming from the SU(2)L× U(1)Y D-term and Yukawa
couplings2)
m2i = −2m23/2 + aim2λ(MG) , (20)
where ai ∼ 5 − 7 for the squarks, ∼ 0.5 for the left-handed sleptons and ∼ 0.15 for the right-
handed sleptons; mλ(MG) is the one-loop gaugino mass induced by the heavy fields that we
assumed to be at the GUT scale. The requirement of non-tachionic selectrons, i.e., m2e˜L,R > 0,
puts a strong constraint on the gaugino mass, mλ(MG) >∼ 3.6m3/2. Since the gaugino mass
arises at one-loop, this constraint is difficult to satisfy. Extra contributions to the scalar masses
can arise if extra U(1) are present in the theory as we will consider in the next section.
3.3 Models with an extra U(1)
A very well motivated candidate for a gauge U(1)-symmetry is the anomalous U(1) often present
in string theories. The anomaly is cancelled by the Green-Schwartz mechanism which requires
non-zero (and equal) mixed anomalies for each gauge group [15]. A non-zero gravitational
anomaly results into the appearance of a Fayet-Iliopoulos (FI) term ξ = O(M2PTrQ). In string
theories the FI-term can be calculated and is given by [16] ξ = g2TrQM2P /(192pi
2) . We will
assume that TrQ < 0. Below MP , the potential is given by
V = −2m23/2
∑
i
|φi|2 +
∣∣∣∣∣∂W∂φi
∣∣∣∣∣
2
+
g2
2
(∑
i
qi|φi|2 + ξ
)2
+O(m43/2) . (21)
From the minimization of (21), one can see that, among the fields with F -flat directions, the
one with the smallest (positive) charge q will get a VEV
〈|φ|2〉 = 1
q
(
2m23/2
g2q
− ξ
)
, (22)
2For the scalar top and Higgs, the effect of the Yukawa couplings should be included. A complete analysis
of these masses and the electroweak breaking is beyond the scope of this letter.
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and a non-zeroD-term will be generated 3, 〈D〉 = 2m23/2/(qg). The non-zeroD-term contributes
to the soft masses of all the charged scalars [17, 18] 4 and we have at the scale
√
ξ
m2i = 2
(
qi
q
− 1
)
m23/2 . (23)
Thus, fields with qi > q will have positive scalar soft masses. We will require that all matter
fields as well as any field corresponding to a (exactly) flat direction satisfy this requirement
and, therefore, there are not tachionic states (alternative scenarios could also be possible). The
simplest model along these lines has the following content: (1) The superfield φ. (2) The quark
and lepton superfields with universal U(1)-charge5 qQ larger than q. (3) Two Higgs doublets
Hu and Hd; the charge of Hu is taken to be −2qQ to allow for a top-quark mass being generated
from a renormalizable interaction HuQU¯ (the charge of Hd is more model dependent). (4)
Extra (heavy) superfields Ψ and Ψ¯ vector-like under the standard model gauge group. The
motivation for these states is two-fold. First, they are required for the mixed anomalies, and
secondly they will contribute to the gaugino masses in accordance with the discussion in the
previous section. They will get masses from their coupling to φ:
φn
Mn−1P
ΨΨ¯ , n = −qΨ + qΨ¯
q
. (24)
In these models the µ-parameter can also be generated from a higher dimensional coupling
of HuHd to φ. For example, if Hu and Hd carry equal charges (in this case the bottom mass is
also generated from a renormalizable interaction), the supersymmetric term
φn
Mn−1P
HuHd , n =
4qQ
q
, (25)
gives rise to a realistic value of µ for
√
ξ/MP ∼ 0.1− 0.01 and qQ ∼ (2–3)q. Alternatively, the
µ-term could be generated from a coupling of HuHd to a neutral singlet S [19, 14]:
W = SHuHd + S
3 . (26)
(The cubic term is necessary for eliminating an unwanted weak-scale axion). Since S is neutral
under the anomalous U(1), its soft mass is negative. This drives a VEV for S that generates
the µ-parameter.
Similar scenario could arise with non-anomalous U(1). An anomaly-free U(1) is easy to
obtain, since the Ψ-Ψ¯ states and matter states give opposite contributions to the anomalies. In
this case, a FI-term of order ξ ∼ m3/2MP can be generated at the one-loop level if there is a
mixing between the U(1) D-term and the D-term that cancels the cosmological constant. This
occurs whenever TrQQ
′ 6= 0 where Q and Q′ are the generators associated to the two D-terms.
3An F -term for φ is also generated in this model, Fφ = m3/2〈φ〉, but its contribution to the soft masses is
small since 〈φ〉 ≪MP .
4 This contribution can overwhelm the gravity-induced contribution if the anomalous U(1) is responsible for
supersymmetry breaking [18]. This is an alternative way to suppress flavor-violating interactions.
5We could also consider a flavor-dependent charge assignment. The only crucial condition, to be consistent
with flavor-violating constraints, is to equally charge the first and second family of down-quarks.
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4 Phenomenological Implications
The most important implication of the models with vanishing F -terms is that they lead to a
mass degeneracy between the first and second family of squarks, and avoid dangerous flavor-
violating interactions. It is also important to remark that these scenarios allow for gauging
flavor symmetries Gf without inducing a VEV for the D-term of Gf (these D-terms are very
dangerous since they usually break the interfamily degeneracy). A non-zero D-term is avoided
if the fields that break Gf have universal soft masses; this can be the case in our scenarios.
Another implication of the models is that the soft terms depend only on one parameter, the
gravitino mass m3/2. This allows for a solution to the supersymmetric CP problem [3]. The
origin of this problem resides in the phases of the soft terms and µ-parameter that induce, at
the one-loop level, too large electric dipole moments. Even the minimal supergravity model
suffers from this problem. In our models, however, all the phases can be rotated away. If µ
arises from a supersymmetric term, like in eq. (17), (25) or (26), its phase can be eliminated by
a rotation of the Higgs superfields. In the soft terms the only possible phase appears in m3/2
that can be eliminated by an R-rotation.
The model of section 3.3 also allows for a solution to the strong CP problem. If µ is induced
from eq. (25), there is a remnant Peccei-Quinn symmetry broken by the VEV of φ. The axion
is the superposition of the imaginary part of φ and the dilaton, orthogonal to the one eaten up
by the gauge U(1) field.
A final important feature of models with vanishing F -terms is that they do not suffer from
the Polonyi problem [20]. This problem arises in conventional supergravity theories because
supersymmetry is broken by non-vanishing F -terms of the hidden sector fields. In our case,
F -terms vanish and the Polonyi problem does not arise (the only field that gets a non-zero
F -term is ϕ that is not a dynamical field).
5 Conclusions
We have considered a class of supergravity theories in which the hidden superfields have vanish-
ing F -terms but a non-zero superpotential. This is generated dynamically at a low-energy and
is the source of supersymmetry breaking in the observable sector as soon as the cosmological
constant is set to zero by a non-zero D-term.
The gravity-induced soft supersymmetry breaking terms depend only on the gravitino mass
and not on the details of the hidden sector. We find
m2i¯ = −2m23/2δi¯ ,
Aijk = 0 ,
Bij = −m3/2Mij , (27)
for the scalar masses, trilinear and bilinear soft terms respectively. This universal pattern of
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soft masses guarantees the absence of flavor-violating interactions. No new CP-violating phases
appear. The mechanism of ref. [13] to generate a µ-parameter is also operative in these theories.
The negative soft masses in eq. (27) can become positive at low-energies if extra U(1) are
present in the theory. We have considered models in which the matter fields transform under
an anomalous U(1). This is often the case in string theories. In such cases, the soft masses
receive a positive contribution (see eq. (23)). The gaugino masses are zero at MP , but they are
induced at the one-loop level
mλa = −
αa
4pi
∑
R
Sa(R)m3/2 , (28)
if heavy states between MP and the weak scale, transforming under the standard model group,
are present in the theory. Thus, the gaugino masses carry us information about the GUT
physics.
Unlike conventional supergravity models, there are not cosmological problems in the hidden
sector since there are not Polonyi-like states with large VEVs and small masses.
It is a pleasure to thank R. Barbieri, E. Dudas, R. Rattazzi and C. Savoy for very useful
discussions.
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